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λmax(A) = %(A), λmin(A) = min
i=1,... ,n
{|λi(A)|} .
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‖P−1N‖A = ‖I − P−1A‖A = q < 1.





κ(P−1A) ≤ 1 + q
1− q .
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≤ q ∀q ∈ (0, 1).
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a(T0v, T0v) ≤ ωa0(T˜0v, T˜0v)
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B = {i : Θi ∩ Ωˇ 6= ∅} , Ξˇ = ⋃
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ΩΓ = {x ∈ Ω | dist(x, ∂Ω) ≤W} .
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|αi(u)| · |αj(u)| · ‖Φi‖L2(Ω)‖Φj‖L2(Ω)
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≤ C ‖u‖2L2(ΩΓ)
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‖u−Q0u‖L2(Ωˇ) ≤ C‖u‖L2(Ωˇ) ≤ CH0|u|H1(ΩΓ).
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uEdx, u¯j = uE − cj .
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≤ CH20 |u|2H1(Ω) .
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|u(x, 0)|2dx ≤ 2‖u‖L2(Ωi) +H2|u|2H1(Ωi).
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n1 = [x2,2 − x3,2,−x2,1 + x3,1]
n2 = [x3,2 − x1,2,−x3,1 + x1,1]
n3 = [x1,2 − x2,2,−x1,1 + x2,1],
W=J ﬀU]
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n1 =
1
2 (x4 − x2)× (x3 − x2)
n2 =
1
2 (x3 − x1)× (x4 − x1)
n3 =
1
2 (x4 − x1)× (x2 − x1)
n4 =
1
2 (x2 − x1)× (x3 − x1)
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max(uh) = 5,min(uh) = 3
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max(uh) = 5.04,min(uh) = 2.83
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max(uh) = 5,min(uh) =
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max(uh) = 5.08,min(uh) = 2.85










                	   	        

























0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
0
ek 2>ﬀﬁ =J? R ﬂ- ! 26 !4'b 2'9:)"4;<1!&u91V.ﬃ':ﬃﬂfD+ 2>U+',R4.ﬃ12"oﬃﬂH12 2'F.ﬃ-A5ﬁ+;;*.ﬃ u
460.ﬃ 2'"$_ﬂvﬁ4;C"I,/.ﬃ !4' W=JﬁﬀT]&i 2'>DRgWh.U]ﬂgt#`aﬁ)ﬁ+;cﬀikW}6] ﬀ{w`aﬁ)ﬁ+;cﬀikWv)T]X9<0" ;-`aﬁ)ﬁ+;cﬀJ
      	               

    	 	                   	    









∇ · fdΩ =
∮
∂T
f · nextdΓ = |T |λ¯T · ∇uh = φTi (uh),
W=JU]
M 2 ∇uh )"4'0.ﬃ',[TRU+ T 6=")F.ﬃﬁgﬃﬂNW=JU]&J3KL'c !NM[."AUiQ'4'5`Y12 2'F.ﬃ
A5ﬁ+; ﬃﬂs)"4'ﬁ+Rﬀ.ﬃ !4'
1V."Mg ∇· f = 0  !H1!,)F.ﬃ1212Ac.ﬃﬁFuQ 2;*.ﬃﬁ"$O6ZAp12 2'F.ﬃﬁAQﬁ+; |T |λ¯T ·∇uh = 0 J
+ffTM/.ﬃFi
























 !r.BI,/.4$50.ﬃ !):ﬂv')+ !4'|ﬃﬂ
uh
.*RU+Ab 2;<1!c.ﬃ'/.ﬃ12AQ !)F.ﬃ1f&uQﬁ"0 !4'|)F.ﬃ'6p460.ﬃ 2'"$nJp
 !
 !g.pﬁ+RU+ﬁ7ﬁ" !)+ !4'si/6 2'g4/.ﬃ
&
GfG6+1!4'><ﬁp !g)+1V.40gﬃﬂk"I,/.ﬃ !4'/."RQ 2'>







































• uh R4.ﬃ !"g12 2'F.ﬃ12AM 2 x 
• λi  !#.:12 2'F.ﬃﬂv')+ !4'9ﬃﬂ uh 
• # 2'Zﬁ+>ﬀ0.ﬃ1=ﬃﬂn.r12 2'F.ﬃfﬂv')+ !4'*FRU+.o 2;<1!&u< !f.ﬃ 2;c+ !)-.FRU+0.ﬃ>Uﬃﬂn/.ﬃHﬂv')+ !4'
 2;c"#D.ﬃﬁF.p4goRU412;cﬀJ











Mﬀﬁ*.4$5RU")+ !4' RU")+ﬁ4D !
λ = [u, 1]
JO
cﬁ461!+;  !Dﬁ+o| 2'
Ω = (0, 1) × (0, 1) iH.ﬃ'$
6=4'$.ﬃAB)"4'$5 2 !4'-.ﬃﬁ
u(0, y) = 1.5, u(x, 0) = 1.5 − 2x, x(1, y) = −0.5.
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 , $ =

0 0 0 0 1/ρa
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
−a2 0 0 0 1

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u1 a 0 0 0
a u1 0 0 0
0 0 u1 0 0
0 0 0 u1 0
0 0 0 0 u1
 , A˜2 =

u2 0 a 0 0
0 u2 0 0 0
a 0 u2 0 0
0 0 0 u2 0
0 0 0 0 u2
 , A˜3 =

u3 0 0 a 0
0 u3 0 0 0
0 0 u3 0 0
a 0 0 u3 0
0 0 0 0 u3
 .
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β Ms1 Ms2 Ms3 0
β −Ms1 −Ms2 −Ms3 0
0 Mt1 Mt2 Mt3 0
1 Mn1 Mn2 Mn3 0









max (ι2, |M2 − 1|),
M 2
ι = 0.05
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0 0 0 0 1

M 2

































χµ+n + χβ s χµ
−n
χ
β t 0 0




2β t χn 0 0
0 0 0 n 0
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+λ4 · W˜4r4︸ ︷︷ ︸
φTenthalpy
+λ5 · W˜5r5︸ ︷︷ ︸
φTentropy
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 = (a˜1, a˜2, a˜3).
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